The dystonias are a group of disorders characterized by involuntary twisting and repetitive movements. DYT1 dystonia is an inherited form of dystonia caused by a mutation in the TOR1A gene, which encodes torsinA. TorsinA is expressed in many regions of the nervous system, and the regions responsible for causing dystonic movements remain uncertain. Most prior studies have focused on the basal ganglia, although there is emerging evidence for abnormalities in the cerebellum too. In the current studies, we examined the cerebellum for structural abnormalities in a knock-in mouse model of DYT1 dystonia. The gross appearance of the cerebellum appeared normal in the mutant mice, but stereological measures revealed the cerebellum to be 5% larger in mutant compared to control mice. There were no changes in the numbers of Purkinje cells, granule cells, or neurons of the deep cerebellar nuclei. However, Golgi histochemical studies revealed Purkinje cells to have thinner dendrites, and fewer and less complex dendritic spines. There also was a higher frequency of heterotopic Purkinje cells displaced into the molecular layer. These results reveal subtle structural changes of the cerebellum that are similar to those reported for the basal ganglia in the DYT1 knock-in mouse model.
Introduction
The dystonias comprise a group of disorders characterized by involuntary sustained or intermittent muscle contractions with abnormal postures or repetitive movements (Albanese et al., 2013) . Dystonia may occur in isolation, or it may be combined with other neurological defects (Fung et al., 2013) . One inherited cause for isolated dystonia involves deletion of a GAG codon in the TOR1A gene at the DYT1 locus, resulting in the loss of a single amino acid in torsinA (Ozelius et al., 1997) . This protein is a member of the AAA+ family of ATPases, and it is thought to function as a molecular chaperone (Tanabe et al., 2009 ). However, the biochemical and cellular mechanisms by which the mutation leads to abnormal motor control in DYT1 dystonia remain unknown.
Delineating the regions of the nervous system that are most relevant for the expression of dystonia is important for guiding research regarding which neurons to target for more detailed investigation. Traditionally, dystonia has been linked with dysfunction of the basal ganglia (Hallett, 2006; Mink, 2006; Perlmutter and Mink, 2004; Peterson et al., 2010; Wichmann, 2008) . However, recent studies have pointed to dysfunction of the cerebellum too (Avanzino and Abbruzzese, 2012; Filip et al., 2013; Neychev et al., 2011; Sadnicka et al., 2012; Zoons et al., 2011) . TorsinA is expressed at high levels in most neurons of the cerebellum (Puglisi et al., 2013) . Functional neuroimaging of human DYT1 dystonia has revealed abnormal metabolic activity of the cerebellum (Argyelan et al., 2009) , and 2-deoxyglucose autoradiography has indicated abnormal cerebellar activity in a knock-in mouse model of DYT1 dystonia (Zhao et al., 2011) . Although histological studies have revealed no gross structural abnormalities of the cerebellum in humans with DYT1 dystonia (Standaert, 2011) or its mouse models (Oleas et al., 2013) , diffusion tensor tractography studies have implied subtle structural defects of cerebellar outflow pathways in both humans (Argyelan et al., 2009 ) and mice (Ulug et al., 2011) .
In the current studies, subtle structural changes of the cerebellum were explored in a knock-in mouse model of DYT1 dystonia using a combination of quantitative stereological assessments of the volumes of its major compartments, stereological and morphometric assessments of the numbers and morphologies of Purkinje cells (PCs), granule
